Poyang Lake, the largest freshwater lake in China, is increasingly 9 experiencing Cu crises. Combining field data, laboratory experiments, and long-term 10
Because the sediments of Poyang Lake are marked by a prevalence of the particles 156 in the range of 3.79 -63.0 μm (Cui et al., 2013; Zhang et al., 2014) , three sediment size 157 classes, fine-silt (3.79-16.8 μm), medium-silt (16.8-32.57 μm) , and coarse-silt (32.57-158 63.0 μm), were determined for the experiment. The separation of sediment into 159 different sizes was finished with a modified elutriator apparatus (Follmer et al., 1973) . 160 Regarding each size class, 6 group experiments were carried out with varied initial 161 suspended sediment concentrations (flood season 0.43 mg/L, dry season 0.78 mg/L) 162 and different initial bed Cu content (low 30.7 mg/kg, medium 62.6 mg/kg, and high 163 98.5 mg/kg). In each group test, the disturbance intensities were set as 0 m•s -1 , 0.1 164 m•s -1 , 0.2 m•s -1 , 0.3 m•s -1 , 0.5 m•s -1 , and 0.7 m•s -1 , referring to in situ velocities.
165
During tests, water samples were regularly taken from the outlets on the flume wall to 166 examine the processes of dissolved, suspended and deposited Cu. The samples were The model was built to yield realistic and accurate simulations of Cu transport in 173 Poyang Lake over a 30+ year period from 1983 to 2015. To reasonably compute the 174 effects of particle size variation, three sediment size classes, fine-silt (3.79-16.8 μm), 175 medium-silt (16.8-32.57 μm), and coarse-silt (32.57-63.0 μm), were simulated in the 176 present study. Poyang Lake can be assumed to be vertically well-mixed, and the 177 general three-dimensional equations were allowed to be approximated by two-178 dimensional, vertically integrated equations on the basis of the following facts 179 (Periáñez, 2009). First, water depth in the lake experiences a frequent fluctuation in a 180 year, and the mean depths in dry and flood season are respectively 2.8 m and 6.5 m.
181
Second, the huge water surface 3583 km 2 enlarges the width-depth ratio to higher than 182 1.4×10 4 that prefers 2-D simulation. Thirdly, the close river-lake relationship 183 diminishes the water exchange period to 6.8 d-22 d in the lake, which hinders 
where h is water depth; t is time; u and v are the depth-averaged velocity components while λ di governs the inverse deposition rate, which is obtained from the laboratory 209 results. C b is the metal concentration of surface deposited sediment. ψ is incorporated 210 to reflect the migration of metals to the deep sediment because the metals deposited on 211 the sediment surface will be buried by particle deposition. the inverse direction. The rising disturbance further led to an increasing λ s , e.g., from 249 0.09 to 0.50 N/m 2 , and the fraction of medium-silt was strengthened from 0.065 to 250 0.38. In a given disturbance level, λ s fell with grain size rising, but it did not seem to 251 13 be sufficiently significant. Based on the transport flux analyzed in tests with varied 252 initial sediment layers, λ s shows a smooth increase as the background Cu content 253 increases. λ s in high pollution sediment was approximately 1.21 times higher than that 254 in low pollution sediment. Poyang Lake (Fig.1) , collected in 1985, 2003 and 2013, were compared to surface Cu 264 contamination levels calculated by the model for calibration and validation (Fig.3) .
265
Good correlation between the computed and the observed data could be achieved by the lake was enhanced from 446.88 t to 917.08 t from 1983-1993 and ranged from 325 722.28 t to 1000.10 t from 1994-2003. Sediments from the contributing rivers were the 326 principal vehicle for Cu transport. In this 2-decade period, the annual averages of 327 sediment feeding Poyang Lake were, respectively, 14.19 Mt and 17.10 Mt. Despite the 328 fact that the amount of sediment transported into the lake during the latter decade was 329 17.08% higher, Cu input did not correspondingly increase as ambitiously as the past 330 decade but exhibited a decelerating trend because the upstream anthropogenic sources 331 from cooper manufacturing facilities were, to some extent, prevented by the efforts 332 regarding qualified environmental protection measures from the second half of 1990s.
333
The mean annual increase rates of Cu input before and after the middle of 1990s were Xinjiang and Raohe, which accounted for 22.1% of the total sediment load, 338 contributed more than 35.6% of the Cu input to Poyang Lake due to their high Cu 339 concentrations in both dissolved and suspended forms (Xiong, 1990; Cui et al., 2013) .
340
This knowledge suggested a shifting trend in SCu from the southeastern area outward 341 into the main lake.
342
The emplacement of TGD in 2003 may have the most important consequences for 343 the stepwise reduction trends in SCu during the most recent decade. The means by 344 which it affected SCu evolution in Poyang Lake could be distinguished as follows.
345
First, the dam reduced the sediment flowing into Poyang Lake, which strongly 346 participated in Cu dynamics. Since 2003, less sediment entered the lake, for an annual 347 mean of 12.3 Mt, which was approximately 21.35% lower than that from 1983-2002. 348 Second, the particle size distribution in the lake changed since the dam's inception 349 (Zhang et al., 2014; Mei et al., 2015) . The proportion of fine and medium-silt was 350 increased with decreasing coarse-silt, which made Cu remain suspended in the 351 overlying water and decelerated its deposition into the lake bed. Third, the water water level between July and September. This current was observed with the lowest 380 frequency but had significant impact on SCu in the north lake. After the operation of 381 TGD, Jacking-style and Backflow-style were both decreased in frequency and 382 intensity in recent years, which pushed more Cu from the lake to the external river.
383
Regarding some tail-lake areas, the hydrodynamic conditions did not vary as much as 384 in the main lake. The older water age consequently resulted in insignificant SCu 385 fluctuation over the 30+ years of data.
386
These results could show the driving mechanisms for the spatial and temporal 387 SCu evolution in Poyang Lake. However, there are several uncertainties that may need 388 further investigation. First, at the present work, the interactions of Cu with some 389 ecological processes were not considered. The approaches that these processes affect 390 Cu transport can be summed up to the following two aspects. One is that biological 391 consumption and bioaccumulation will reduce Cu load in the overlying water and 392 surface sediment. The other is that some processes, such as biotic and abiotic 393 speciation, and benthic organism activities, will influence Cu exchanging flux 394 between the sediment and the water column. Simplification of these interactions 395 indeed set up a barrier to simulate the field actual Cu transport processes, but it will 396 not affect the general trend of the temporal and spatial SCu evolution in Poyang Lake.
397
Considering the consumed and bio accumulated Cu, the results gained here may be 398 overestimated. Second, due to the technique used for long-term computation, emphasis 399 was placed on the gross Cu transported with varied grain-size sediments between the 400 overlying water and the surface deposited sediment, and less attention was paid to the 401 microscopic processes, which Cu may experience among the dissolved, particulate and 402 deposited forms, such as complexation, coagulation, adsorption/desorption, formation 403 of hydroxide colloids, and other physicochemical reactions. This may have resulted in 404 bias with respect to understanding SCu evolution. Third, a lack of monitored data 405 made the model suffer by not accurately incorporating the influence of atmospheric 406 sources, which was recognized as a constant at the present work. Despite the 407 discrepancies that may have been be generated by the above uncertainties, our study 408 provided some evidence regarding SCu evolution tendency in Poyang Lake. Figure: Fig.1.docx   Fig. 2. (A) and (B) Figure: Fig.2.docx 
Fig. 3. Comparison between the measured and calculated data

